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Summary  
 
Many decision-making situations today affect the safety of individuals and the environment, 
for instance hazardous waste management. In practice, many of these decisions are made 
without an overall view and with the focus on either the environment or safety. Now and then 
the areas of regulation are in conflict, i.e. the best alternative according to environmental 
considerations is not always the safest way and vice versa.  
 
A tool for taking an overall view within the areas of safety and environment would simplify 
matters and provide authorities and industry with a better basis for their work. This thesis 
forms part of a project which aims to develop a framework tool giving this overall view and 
supporting decision-making in which the issues (areas) of environment, safety, ethics and 
costs are all integrated. By developing a framework tool, different areas of interest could be 
taken into consideration more easily when a decision is to be made and could also help 
develop legislation and policy locally (at an industry or company), nationally and 
internationally. The project also aims to provide knowledge about different destruction/ 
decommission methods, their good and bad points and their consequences, in order to provide 
different actors with a better basis for decision-making. 
 
This thesis focuses on development of the framework. The scope of the studies was restricted 
to environment, ethics and personnel safety due to the extent of the work and time limitations. 
In the next part of the project, the areas of costs and evaluation will be studied and a first draft 
of the framework tool will be presented. 
 
In order to develop the framework tool, two case studies were carried out here: an 
environmental analysis involving a life cycle assessment and an ethical analysis. With the 
help of these analyses, three different methods of destruction of ammunition were compared: 
Open detonation, modelled both with and without recovery and recycling of metals; 
incineration in a static kiln with air pollution control combined with recycling of metals, 
modelled with two different levels of air emissions; and a combination of incineration with air 
pollution control, open burning, recovery of some energetic material and recycling of metals, 
giving a total of five options. 
 
Every method of destruction of energetic material, i.e. explosive waste or ammunition, results 
in environmental impacts in both the short and long term. These environmental impacts have 
direct or indirect impacts on safety, quality of life, the economy, etc., now and in the future, 
locally and globally.  
 
Life cycle assessment revealed two factors of importance for reducing the environmental 
impacts: Recycling the metals and air pollution control. As a consequence of controlling these 
potential negative environmental impacts, safety problems might also be controlled. Ethical 
analysis revealed that future generations and people in foreign countries will be affected by 
the destruction of ammunition. When choosing a method for destruction of ammunition, this 
group (the general public) should thus be given special attention. 
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1 Introduction 
 
Many decision-making situations today affect the safety of individuals and the environment. 
Examples include waste management, road building and clearing of contaminated soil. In 
practice, many of these decisions are made without an overall view and are based solely on 
one of these considerations. Now and then the areas of regulation for safety and the 
environment are in conflict, i.e. the best alternative according to environmental considerations 
is not always the safest way and vice versa (Crawley and Ashton, 2002).  
 
Different authorities work according to different laws and regulations. Every authority is 
authorised (sanctioned) to apply a specific set of rules and regulations. Because of this, one 
authority cannot apply the regulations that another authority is authorised to comply with. 
This makes it easy to become lodged in ‘tunnel thinking’, both due to the legislation and due 
to the knowledge and experience of the individual decision-maker at the specific authority. 
There are various methods available for taking different impacts into account, but most of 
these only consider impacts from one area, for instance the environment (Eklund et al., 2007; 
Liu and Lai, 2009). A tool for taking an overall view within the areas of safety and 
environment would simplify the process and would provide authorities and industry with a 
better basis for their work. This thesis forms part of a larger project which aims to develop a 
framework tool giving this overall view and supporting decision-making. 
 
The object of a study is a key aspect when choosing a suitable tool for environmental 
assessment (Finnveden and Moberg, 2005). Different levels of objects to study can be defined 
as (ibid.):  
 
• Substance  
• Product/Function  
• Organisation  
• Region and Nation  
• Policy, Plan, Programme and Project  
 
The policy level was chosen as the main level of interest in the project and in this thesis, since 
a need for the kind of framework tool in question was first identified at this level. However, 
the tool could also be useful at the level of function and project. Furthermore, the main focus 
here is on decisions made by government authorities, but the tool could also be useful for 
commercial companies.  
 
Destruction of ammunition is an example of a process where personal safety, environmental 
concerns, ethical dimensions and conflicting regulation are relevant at both the policy and 
function levels. The Swedish Armed Forces have large stocks of ammunition that were 
produced at a time when final decommissioning was not considered (A-L. Brandt, pers. 
comm. 2007). This ammunition will eventually become obsolete and will have to be 
destroyed, preferably with minimal impact on the environment and in a safe way (ibid.). This 
is also required by a number of Swedish laws, for instance SFS 1988:868 (Flammables and 
Explosives Act), SFS 2003:778 (Civil Protection Act) and SFS 2006:263 (Transport of 
Dangerous Goods Act).  
 
Every year, hundreds of tonnes of ammunition and explosives are destroyed or recycled 
within the explosives industry, Swedish Armed Forces and Swedish Defence Materiel 
Administration (FMV) (A-L. Brandt, pers. comm. 2007). Depending on the explosive in 
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question and the reason for the destruction, there are different methods of destruction 
available, for instance open detonation, open burning, closed detonation, fluidised bed 
combustion, rotary kiln incineration or dumping into sea or mines (e.g. Lasher and 
Mescavage, 2000; Duijm, 2002; Duijm and Markert, 2002; Bausinger and Preuβ, 2005; 
Cervinkova et al., 2007; Liou and Lu, 2008). Different destruction methods affect the picture 
of risk – the risks created and those exposed to these risks. 
 
All activities connected with the destruction of explosive materials have to be authorised (in 
Sweden according to SFS 1988:868, SFS 1988:1145 (Flammables and Explosives 
Ordinance)). The same applies for the transport of products or objects that cannot retain their 
original classification (the original approval and classification are not valid any longer and the 
demands on storage, handling and transportation have changed) (SFS 2006:263, SFS 
2006:311 (Transport of Dangerous Goods Ordinance)). A number of authorities are involved 
in the process of granting permits and licences, for instance the Swedish Civil Contingencies 
Agency (MSB) and the County Administrative Boards (Länsstyrelserna) and they work 
according to different regulations. These regulations have different ways to protect various 
values such as human lives and health, as well as environment and property. Ethical 
considerations are not regularly included, although this may be done by individual 
administration officials on their own initiative. However, it is doubtful whether it is consistent 
with proper legal practice for individual officials in a public authority to make their own 
personal ethical judgement on an application. A private company might specify in its internal 
instructions whether to include ethical considerations. However, this is a question that should 
be discussed among those who in one way or another are involved in the destruction of 
ammunition.  
 
As mentioned above, there are a number of methods available for explosive waste disposal. 
Some, but far from all, of these methods are also suitable for disposal of explosive waste in 
the form of ammunition, depending on location of the destruction facility, type of 
ammunition, and amount and quality of the ammunition (i.e. whether it is safe to handle).  
 
Every method of destruction for energetic material, explosive waste or ammunition results in 
environmental impacts in both the short and long term (Duijm, 2002; Duijm and Markert, 
2002; Bausinger and Preuβ, 2005; Bausinger et al., 2007). These environmental impacts have 
direct or indirect impacts on safety, quality of life, the economy, etc. now and in the future, 
locally and globally, irrespective of the method of destruction chosen.  
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2 Aim and scope of thesis 
 
This thesis forms part of a larger project which has the overall aim of developing a framework 
tool where the issues of environment, safety, ethics and costs are integrated to support 
decision-making. The tool is intended to be a framework tool that provides a systematic and 
transparent basis for decision-making, but does not produce a final or complete decision. The 
decision as such must be made by the appropriate decision-maker. An outline of the 
framework tool is given in section 3.1. 
 
Due to the amount of work involved and time restrictions, the aim of this thesis is confined to 
developing the framework tool in the areas of environment, ethics and to some extent 
personal safety. The two remaining areas, costs and evaluation, are very briefly mentioned 
here and will be the main topic of the next stage of the project. The evaluation is the last stage 
of framework tool development, in which all the results from the previous assessments and 
analyses are balanced and a basis for decision-making is provided. This is a crucial 
component of the framework tool. The areas within the framework tool are described in 
sections 3.2-3.6. 
 
In order to develop the intended tool and obtain input data for it, two case studies and a 
literature review were carried out. These studies examined the methods available for use 
within the areas and applied two of these methods to actual cases in order to obtain results 
that could contribute to the development of the framework tool. Three different methods of 
destruction of ammunition, with two different options in two of these (making a total of five 
options) were compared in case studies. The basic methods were: Open detonation; static kiln 
incineration with air pollution control combined with metal recycling, and a combination of 
incineration with air pollution control, open burning, recovery of some energetic material and 
metal recycling. The destruction methods are described in section 4.3.  
 
This thesis is based on three papers. The aim of Paper I was to make a comparison of the 
environmental impacts in a life cycle perspective of the three different destruction methods, 
and to identify the environmental advantages and disadvantages of each of these destruction 
methods. This was done using a case study. 
 
The aim of Paper II was to make an ethical analysis of the three different methods of 
destruction of ammunition by using a model for ethical risk analysis proposed by Hermansson 
and Hansson (2007). This also involved a case study. An additional aim was to evaluate the 
proposed tool by applying it to a case study.  
 
Paper III reports on a survey of risk assessment methods. In the report, some of the risk 
analysis methods available for analysing safety are described and the relationships between 
them discussed. The focus is on human safety aspects. 
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3 Framework 
 
3.1 Introduction 
 
The framework tool to be developed addresses four issues or areas of interest: environment, 
personal safety, ethics and costs (Figure 1). As mentioned above, the areas of environment 
and personal safely are sometimes in conflict and thus they have a natural place in the 
framework tool. The ethical aspects are very important too and evaluation of such aspects is 
the actual point of the framework tool, so this area was also included. The area of costs was 
added after discussions with the consultation group, with representatives of industry in 
particular asking for this area to be included.  
 
All four areas are more or less overlapping, for instance ethical analysis is partly based on 
environmental analysis and risk identification. A calculation of costs can also use the results 
of an environmental analysis. However, the areas are treated separately in the thesis. The 
terms ‘issue’, ‘area of interest’ and ‘box’ are used in the text according to the context.  
 
 
 

1

Question/Application

Environ-
ment

Personal
Safety

CostsEthics

Evaluation

Basis for decision!
 

 
Figur 1 Preliminary model of the framework tool. The figure shows the four areas of interest 
and how the proposed framework tool is intended to meet the downstream management of 
complex issues or questions.  
 
An idea of a framework tool was the starting point for the thesis. This was then continuously 
developed through the studies and gradually became more concrete.  
 
Each area within the framework can be addressed by a set of different tools that can be used 
to analyse the relevant aspect. The areas are further described in sections 3.2-3.6 and in 
Chapter 5.  
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3.2 Environment 
 
There are many methods available for use to assess environmental impacts (e.g. Finnveden, 
2000; Finnveden and Moberg, 2005; Ness et al., 2007). Some examples of methods are 
Environmental Impact Assessment (EIA), Strategic Environmental Assessment (SEA), 
System of Economic and Environmental Accounting (SEEA), Environmental Auditing, Life 
Cycle Assessment (LCA), Material Flow Analysis (MFA) and Risk Assessment (Finnveden, 
2000; Finnveden and Moberg, 2005). 
 
The choice of method depends on the object of the study (Finnveden and Moberg, 2005). 
Depending on the stakeholder’s main focus and the purpose of the study, some methods are 
more suitable than others (ibid.). Different methods have different focus, benefits and 
drawbacks and because of this they are not randomly interchangeable with each other 
(Finnveden, 2000; Ahlroth et al., 2003; Finnveden and Moberg, 2005).  
 
The focus of the present framework tool is on policy level as an object. According to 
Finnveden and Moberg (2005), Strategic Environmental Assessment (SEA) is a suitable tool 
for such cases. The main purpose of SEA is to facilitate early and systematic considerations of 
potential environmental impacts in strategic decision-making (Finnveden et al., 2003). SEA is 
intended for policies, plans and programmes (Finnveden and Moberg, 2005).  
 
SEA is a procedural tool and within the framework of SEA, several different types of 
analytical tools can be used in the assessment (Finnveden et al., 2003). Examples of such 
tools are Future Studies, Risk Assessment, Life Cycle Assessment (LCA), Economic 
Valuation and Multi-Attribute Approaches (ibid.). Life Cycle Assessment, which was chosen 
in this case study, is a method for assessing the potential environmental impacts and resources 
used throughout a product’s life from raw material acquisition, production and use to waste 
management (Baumann and Tillman, 2004; ISO 14040:2006). The term ‘product’ can also 
include services such as waste management. The method can be used for comparing goods, 
products and services and for identifying opportunities for reducing the impacts attributable to 
associated wastes, emissions and resource consumption (Pennington et al., 2004). It can be 
noted that LCA is a valuable tool for quantifying, evaluating, comparing and improving 
products according to their environmental impacts (Rebitzer et al., 2004). Used early in a 
process, it can help reduce emissions and consumption of resources (ibid.). It can also be used 
when making a change to an ongoing process in order to support the decision-making. The 
LCA methodology is well described in international standards (ISO 14040:2006 and ISO 
14044:2006), textbooks (e.g. Baumann and Tillman, 2004) and scientific papers (for instance 
Finnveden et al., 2009). ISO standard 14040:2006 provides a framework, terminology and 
some methodological choices.  
 
According to the ISO standards (ISO 14040:2006 and ISO 14044:2006), Life Cycle Impact 
Assessment (LCIA) is a phase of LCA, aimed at understanding and evaluating the magnitude 
and significance of the potential environmental impacts of a product system (Clift et al., 
2000). LCIA methods can be orientated towards midpoints or endpoints (damage) (Soares et 
al., 2006). Midpoints are problem areas (e.g. acidification, ozone depletion), while endpoints 
are impacts on valued items, such as human health or ecosystem health (Soares et al., 2006). 
Within LCIA, a distinction is generally made between the classification/characterisation on 
the one hand and the weighting/valuation on the other (Finnveden, 1997). 
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Characterisation is a quantification of the contributions to the chosen impacts from the 
product system (Clift et al., 2000). The weighting step includes a value-based weighting of 
impact categories against each other. Weighting aims at converting and possibly aggregating 
indicator results across impact categories, resulting in a single result, sometimes with a 
monetary measure (ibid.). 
 
Since a partial aim of this thesis was to compare ammunition destruction methods in a life 
cycle perspective, the LCA method is one of the better, or even only, method of choice. An 
LCA can also contribute to subsequent studies and issues within the framework tool by 
providing data and identification of hazards and risks due to the destruction process. The case 
study is described in section 5.1 and Paper I. 
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3.3 Ethics 
 
The ethics part of the framework tool is shown as a separate box in Figure 1, but in fact it 
forms part of all the other areas. In a context of environment and risk, ethical issues are 
usually not specifically regarded, although the question is important. They include moral and 
legal issues but also unwritten laws, which altogether makes ethics a complicated and 
occasionally inflamed discussion topic.  
 
There are many different tools available to identify and calculate risks for personnel and the 
general public and for the environment, using risk assessment, life cycle assessment, 
ecological footprints, etc. (e.g. Rowe, 1988; Wackernagel and Rees, 1997; Aven, 1998; 
Wackernagel et al., 1999; Rebitzer et al., 2004; Zhao et al., 2005; ISO 14040:2006; Finnveden 
et al., 2009; Wackernagel, 2009). However, none of these tools specifically addresses the 
ethical aspects of the risks to persons and the environment (Hermansson and Hansson, 2007).  
 
According to Hermansson and Hansson (ibid.), the lack of operational tools for an ethical 
analysis of risks is one of the reasons why ethical aspects are often neglected in risk analysis. 
Risk analysis methods need to be supplemented with a systematic characterisation of the 
ethical aspects of risk, including issues such as voluntariness, intent and justice (ibid.).  
 
Hermansson and Hansson (2007) have proposed a model tool for performing an ethical 
analysis of risks. Their proposed tool was chosen for use in this study, since it is the only 
existing ethical analysis tool to our knowledge. There was also an opportunity to test the 
proposed tool by applying it to a case study.  
 
Destruction of ammunition is an ethical issue and an environmental, economic and safety 
issue. The destruction process and the processes associated with this expose people and the 
environment to different kinds of risks, both now and in the future. The model proposed by 
Hermansson and Hansson (2007) focuses on the ethical relationships between three critical 
parties they identify as being present in almost all risk-related decisions: 
 
• The decision-maker   
• The risk-exposed  
• The beneficiary.  
 
Practically all risk management involves these three roles. One or more persons or 
organisations can occupy each role, while the same person or organisation can also occupy 
more than one role. These roles are frequently referred to in the literature on risk, according to 
Hermansson and Hansson (2007). 
 
The proposed model of Hermansson and Hansson (ibid.) is primarily concerned with the 
relationship between the three different roles. They propose a number of questions concerning 
pair-wise relations between the roles that in their experience cover most of the salient ethical 
issues in common types of risk management problems. The questions are selected to be a 
supplement to risk analysis and a systematic characterisation of the ethical aspects of risk, 
including issues such as voluntariness, consent, intent and justice.  
 
The proposed ethical analysis tool was applied here in the case study of destruction of 
ammunition in order to identify the ethical aspects, contribute to the development of the 



 15 

framework tool and also to test the proposed ethical tool in a realistic case. The ethical tool 
and its application are described in detail in section 5.2 and Paper II. 
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3.4 Personal safety 
 
The world that we live in is not free from risks, and we cannot make it so. Kaplan and Garrick 
(1981, p. 81) even claim that “[...] we are not able [...] to avoid risk but only to choose 
between risks”, i.e. some risks have to be accepted in order to obtain benefits that would 
otherwise be inaccessible. It seems undeniable that risks have to be weighed against benefits 
(Hansson, 2004) and that rational decision-making requires a clear and quantitative way of 
expressing risk (Kaplan and Garrick, 1981). 
 
Thus hazards have to be identified and risks have to be analysed in order to be prevented 
(Pasman et al., 2009). This is represented by the ‘personal safety’ box within the framework 
in Figure 1.  
 
A risk could be of very different kinds and concern various aspects, for instance 
environmental, economic, societal values, life, health and property. The risk and safety area 
could easily be expanded to more or less unlimited analyses. However, the scope is limited in 
this thesis and the work with the framework tool mainly focuses on human safety aspects. 
 
There are several methods of risk analysis to choose from (e.g. Aven, 1998; Andrews and 
Moss, 2002; Rausand and Bouwer Utne, 2009). Risk analysis is a broad term covering many 
different types of analyses and assessments (Finnveden and Moberg, 2005). Sometimes the 
methods are divided into two groups, risk assessment of chemical substances and risk 
assessments of accidents and the latter may include environmental aspects as well as 
unplanned incidents, e.g. explosions and fires (ibid.). Another way of describing risk analysis 
methods is to divide them into different levels of focus such as process, organisation and 
policy level. The process level consists of a plant or a detailed technical system, the 
organisation level includes an entire company and the policy level includes regulations and 
political guidelines. Within the development of the framework tool, a survey of methods of 
risk assessment was performed. The methods were divided into the mentioned levels in order 
to determine their applicability within the framework tool. This is described in section 5.3 and 
Paper III. 
 
A general risk analysis is a systematic way of identifying undesired events, analysing causes 
of these, analysing the consequences and presenting the results (Aven, 1998; Andrews and 
Moss, 2002; Rausand and Bouwer Utne, 2009). Risk identification is a detailed compilation 
of the different risks within an object (Aven, 1998). It is comparable to risk inventory, but the 
latter involves an overall compilation of the risks and the collection of data on the risk objects 
and objects which are the subject of protection. In general, the results of the risk analysis must 
be easy to understand in order to be useful, the benefits of conducting the analysis should be 
greater than the costs and the method should be reliable (Rausand and Bouwer Utne, 2009). 
All methods should aim to fulfil these parameters. 
 
Risk analysis can, for instance, provide a basis for prioritising between different solutions or 
for evaluating whether a risk is acceptable or not, and can also provide skills and motivation 
for systematic safety monitoring (Aven, 1998; Rausand and Bouwer Utne, 2009). 
 
The ‘personal safety’ box within the framework (Figure 1) deals with the area of safety issues 
and methods of analysing risks concerning human safety. In this context, safety does not 
include long-term consequences, which means that safety risks are separated from long-term 
health risks.  
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3.5 Costs 
 
This area is of great interest since safety, environmental impacts and ethical considerations 
may all have their price one way or another, e.g. in terms of money, quality of life, health, 
fear and so on. Although costs are not included in this thesis but will be considered in the next 
part of the project, some methods for cost analysis are presented briefly here. 
 
There are several methods than can be used when calculating different kinds of costs. Two 
examples are Cost-Benefit Analysis (CBA) (Perman et al., 2003; Finnveden and Moberg, 
2005) and Life Cycle Costing (LCC) (Sherif and Kolarik, 1981; Woodward, 1997; Finnveden 
and Moberg, 2005; Hunkeler et al., 2008).  
 
Cost-Benefit Analysis is an analytical tool assessing the total costs and benefits from a 
planned project. All costs and benefits, including environmental costs, should be included and 
monetised. In the evaluation, the costs are compared against the benefits (Kumar Jeswani et 
al., 2010, Finnveden and Moberg, 2005). A CBA can use the results of a LCA (Kumar 
Jeswani et al., 2010). The results are presented in units of money, which is easily 
communicated (ibid.). 
 
Life Cycle Costing can be used to assess the costs of a product or service from a life cycle 
perspective (Hunkeler et al., 2008). It is an analytical tool (Finnveden and Moberg, 2005; 
Kumar Jeswani et al., 2010) and is usually used to rank different investment options prior to 
the investments (Kumar Jeswani et al., 2010). All phases and their respective costs in a 
product’s life cycle are involved: design, construction, production, distribution, operation, 
maintenance and support, retirement and disposal (Bouwer Utne, 2009).  
 
When calculating the costs in the context of the framework tool, care is needed to ensure that 
a particular cost is not counted within several areas and thus counted twice or more. 
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3.6 Evaluation 
 
The last part within the framework tool is the crucial point for the decision-maker: to balance 
the different results from the previous four areas against each other. One way or another, the 
results must be assessed in order to make an evaluation that could be used as a basis for the 
decision in question, which is the purpose of the framework tool.  
 
However, the area of evaluation is only briefly touched upon in this thesis since it was not a 
main issue in the part of the project covered here. It will be further developed in the 
continuation of the project. 
 
Evaluation, in which disparate impacts are combined so that options can be ranked, has 
become an important part of many impact assessments (Hobbs, 1985). The use of decision 
support methods to balance facts and values can be beneficial for decision-makers (Liu and 
Lai, 2009; Wang et al., 2009). There are several methods for evaluation, such as different 
weighting methods (e.g. Wang et al., 2009). They all combine impacts so that options can be 
ranked according to their desirability or total impact (Hobbs, 1985) and eventually support the 
decision-maker (Wang et al., 2009).  
 
The evaluation might depend on political opinions and economic aspects (among others, 
willingness to pay). However, it is always subjective and value-laden (Hobbs, 1985), and an 
intrinsically complex multi-dimensional process (Liu and Lai, 2009). It has always been a 
controversial issue, in large part because this element requires social, political and ethical 
values (Finnveden, 1997; Clift et al., 2000), i.e. it not only considers the scientific facts but 
also reflects subjective values (Liu and Lai, 2009).  
 
An evaluation or weighting of the results might be a sort of translation of the results into, for 
instance, an economic value or an ecological footprint (Ahlroth et al., 2003; Nilsson et al., 
2005). This translation could be a help to the decision-maker in comparing alternative 
decisions. However, according to Hobbs (1985) there are dangers: (1) Decision-makers often 
do not know what they want; (2) different people hold different values; and (3) choice of 
method can affect the decision. Evaluation techniques should clarify trade-offs and value 
conflicts, not conceal them (ibid.).  
 
One area where methods for compilation and valuing are developed is multi-criteria analysis, 
by which different aspects can be compiled, evaluated and ranked (Wang et al., 2009). Multi-
criteria analysis can be regarded as a toolbox containing several different methods (Zhou et 
al., 2006; Kumar Jeswani et al., 2010). CBA can also be used for valuing and compilation, 
although there is some discussion concerning the limitations of CBA (Hansson, 2007).  
 
Approaches for integrating tools such as LCA and Environmental Risk Assessment (ERA) 
towards Integrated Environmental Assessment (IEA) have been made, but more research is 
needed (Benetto et al., 2007). However, multi-criteria analysis has been found to be an 
efficient way to rank alternative scenarios with respect to all the results, for instance when 
studying road construction (ibid.).  
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4 Description of the grenade and destruction methods  
 
4.1 Introduction 
 
Two case studies were made in order to provide input to the framework tool. 
 
As mentioned earlier, three destruction methods were compared. Two of these had two 
different options, which meant that in all, five options were compared: 
 
• Open detonation, modelled both with and without recovery and recycling of metals. 
• Incineration in a static kiln with air pollution control combined with recycling of metals, 

modelled with two different levels of air emissions. 
• A combination of incineration with air pollution control, open burning, recovery of some 

energetic material and recycling of metals. 
 
For an overview of the options, see Figure 2.  
 
Two case studies were performed in which the destruction options were compared: a life 
cycle assessment (Paper I) and an ethical analysis (Paper II). Since the studies were only 
concerned with comparing different destruction procedures, the production of the grenade was 
not included. Transport to the destruction plant was also omitted, since it was assumed in the 
project that all destruction plants were located in remote areas and that the difference in 
distances and impacts due to transport to these facilities was insignificant in terms of the 
overall comparison.  
 
In the following, the grenade and the processes of each destruction option are described.  
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Transportation within 
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Open
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Recycling metals

Transportation
To metal

Recycling plant

Burning in 
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Figur 2 Overview of the five destruction options compared in the study (Paper I) 
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Some further delimitations and assumptions were made: in this study unexploded ammunition 
(UXA) was not regarded and the destruction was presumed to be performed at the present 
time and in Sweden, using destruction methods currently employed by Swedish industry and 
Swedish defence. The intention was to be able to perform the study, get input to the 
framework tool and make this study and the results applicable. For the same reason, common 
destruction methods and realistic data were chosen. The intention was not to oversimplify so 
the study would be unrealistic, while also not taking too much data into account so that the 
study and the results would be unmanageable.  
 
4.2 The grenade  
 
The grenade chosen for this specific study was a 40 mm grenade of a type manufactured since 
the 1970s by Diehl BGT Defence GmbH & Co.KG. This type of grenade, which is a high 
explosive incendiary tracer, is mainly used against air, sea and land targets and was chosen 
for this study because it is a rather typical example of common ammunition. One grenade 
weights about 2.5 kg, of which 0.6 kg is energetic material (explosive substances) and 1.93 kg 
is metals (Muntionmerkblatt, 1977; Operationsstruktur, 1997; P. Eriksson, pers. comm. 2007, 
2008). 
 
4.3 Destruction methods 
 
4.3.1 Open detonation  
In open detonation, the destruction plant must be located in a very remote area for safety 
reasons. In this method the ammunition is piled up in a detonation area. The maximum 
amount is about 20 tonnes of net energetic material, i.e. excluding for instance shells and 
packaging. This means that there is no limitation on the size of the objects. The detonation is 
initiated by several minor charges, which have to be carefully arranged – the detonation has to 
start at the outside of the pile and move inwards at an even pace in order to destroy all 
ammunition and not expel undetonated objects. The detonation creates a hole in the ground 
about 20 metres in diameter and 5 metres deep that has to be refilled with a digger (P. 
Eriksson, pers. comm. 2007). This option is referred to here as ‘Open Detonation’. 
 
After the destruction, hazardous/toxic residues are left on-site. This will have an impact on the 
environment (soil pollution). This can be considered a non-accidental but continuous 
environmental problem and it should be borne in mind that trespassers can be affected and 
suffer health problems (Duijm, 2002), both at the present time and in the future. 
 
4.3.2 Open detonation combined with metal recycling  
This option resembles Open Detonation, but the metals are recycled. Ideally the grenade can 
be disassembled and most of the metal can be recovered and recycled before detonation. This 
is how the destruction is usually carried out when using this method and conditions are 
suitable and when there is access to infrastructure for recycling metals (P. Eriksson, pers. 
comm. 2008). This option is referred to here as ‘Open Detonation with Metal Recycling’. 
 
4.3.3 Incineration in a static kiln with air pollution control combined with metal recycling  
In this method, the grenades are fed into a static kiln by a conveyor and several lock 
chambers. In the detonation chamber the ammunition is heated to 450-550 degrees Celsius, 
whereby all energetic material is burned or detonated and the metals are collected afterwards. 
The gases produced are treated in several steps before being released. The metals are recycled 
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at a metal recycling plant and assumed to replace virgin materials (J. Ohlson, pers. comm. 
2007; H. Weigel, pers. comm. 2008). The detonation or burning of the energetic materials 
within the kiln produces sufficient heat to keep the destruction process going by itself and no 
extra energy is needed once the process has started (J. Ohlson, pers. comm. 2007; H. Weigel, 
pers. comm. 2008). The maximum amount of energetic material is rather limited; only about 
10 kg can be fed at a time. This means that larger objects have to be disassembled if they are 
to be treated in the kiln. This option is referred to here as ‘Static Kiln’. 
 
4.3.4 Incineration in a static kiln with air pollution control combined with recycling of metals, 
maximum allowed emissions 
This option resembles the Static Kiln method, but the emissions were set to the maximum 
permissible level according to European Directive 2000/76/EC, Daily average limit. This is a 
worst-case scenario of this specific incineration method, and it means that the level of air 
pollution is 2-10 times that of the Static Kiln option. Some emissions regulated by the 
European Directive 2000/76/EC, and hence included in this scenario, were not included (zero) 
in the Static Kiln scenario, since the company providing the equipment (Dynasafe AB) states 
that these substances are not emitted in the case of incineration of this specific grenade (H. 
Weigel, pers. comm. 2008). This option is referred to here as ‘Static Kiln with Max 
Emissions’. 
 
4.3.5 A combination of incineration with air pollution control, open burning, recovery and 
recycling 
This is the main destruction method for this kind of ammunition in Sweden today. It is a 
combination of open burning, incineration in kiln with air pollution control, recycling and 
recovery of some of the material. At the destruction plant the grenades are disassembled. 
Open burning with no air pollution control destroys the powder. Some energetic material from 
the explosive charge can be recovered from the grenades. The metal parts are burned with air 
pollution control in order to remove all remaining energetic material before being sent to a 
metal recycling plant. If the grenade cannot be disassembled properly for some reason, it has 
to be destroyed by open detonation for safety reasons. In this scenario we assumed that all 
grenades could be disassembled safely and that metal recycling rate was 100% and energetic 
material recovery rate was 83% (P. Eriksson, pers. comm. 2008). This option is referred to 
here as ‘Combination Treatment’.  
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5 Case studies 
 
The two case studies and the literature study are presented in the following three sections. 
 
5.1 Environmental aspects (Paper I) 
 
A Life Cycle Assessment of destruction of ammunition 
 
This environmental case study was performed using LCA. The study was based on a previous 
study of a similar grenade using LCA (Hochschorner et al., 2006). The aims of that original 
study included identifying aspects in the grenade’s life cycle that have the largest 
environmental impacts and comparing different approaches for waste management of 
ammunition.  
 
In this case study, the five destruction options described in Chapter 4 were studied and 
compared in order to answer the following two research questions: 
 
• What are the advantages and disadvantages of the different destruction methods? 
• Which part of the destruction process contributes most to the potential impacts of the 

different categories? 
 
The case study was performed using LCA methods for waste management (Finnveden, 1999; 
Clift et al., 2000) and based on the ISO standards for LCA (ISO 14040:2006,; ISO 
14044:2006). In line with methodology for waste management LCA (Finnveden, 1999; Clift 
et al., 2000), the production of the grenade was not included in the study, because it would 
have been identical in all the options studied. In order to take into account the benefits of 
recycling, recovery and reuse of materials, it was assumed that these materials replaced 
energy and materials of the same type produced from virgin sources. The grenades were 
assumed to be decommissioned in Sweden in 2008. 
 
The LCIA in the case study was performed using established methodology (Pennington et al., 
2004). The Centre for Environmental Studies (CML) baseline method of the Dutch guideline 
(Guinée et al., 2002), as implemented in SimaPro 7, was used (more information on SimaPro 
can be found on the homepage of PRé Consultants: www.pre.nl). Some data that were not 
available in the CML baseline method were replaced with data from the EDIP method 
(EDIP/UMIP 97 V2.03) as applied in SimaPro 7.  
 
In order to compare the different destruction methods, the results for each method were 
weighted. Different weighting methods focus on different impact categories, and because of 
this it is often recommended that several weighting methods are used in parallel in order to 
get a more complete picture. Three different weighting methods were used in this study: Eco-
indicator 99 (Goedkoop and Spriensma, 2000), the Environment Priority Strategies (EPS 
2000) (Steen, 1999) and Ecotax06 (Zhou, 2008). 
 
The results of the characterisation are shown in Figure 3. 
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Figure 3. Comparison of results using the CML impact assessment method of net potential 
environmental impact of the five destruction options. Negative values indicate avoided 
impacts (Paper I). 
 
The production of virgin metals has an environmental impact and consumes large amounts of 
resources that can be avoided by use of recycled material. Although the recycling process 
consumes resources and produces emissions, the net result is better than producing virgin 
metals. The overall results show that by increasing recycling of the materials in the grenade 
and better pollution control, the environmental impacts could be mitigated.  
 
Adding metal recycling to the Open Detonation option improved its environmental 
performance significantly for most impact categories, to a level comparable to that of the 
other destruction options modelled. The overall results obtained for Static Kiln, Static Kiln 
with Max Emissions and Combination Treatment were quite similar, but the results for some 
of the impact categories differed. The Static Kiln method had the best environmental 
performance for several impact categories, including global warming and human toxicity. On 
the other hand, the Combination Treatment proved to be the best alternative as regards 
acidification and eutrophication (Figure 3).  
 
In the Combination Treatment today, the powder is destroyed by open burning and thus with 
no air pollution control. With a different technique it would perhaps be possible to perform air 
pollution control and recover the energy content of the powder and other energetic material if 
the materials cannot be reused. This would enhance the environmental performance of this 
option. However, the authorities must approve the method and there is no such method 
approved for use in Sweden at present. 
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In order to understand the underlying mechanisms of the life cycle environmental 
performance of the different options, it is also important to identify the processes making the 
most significant contribution to the total results. This was done by making a process 
contribution analysis. For instance, it can be concluded that the detonation itself makes up the 
main contribution to the total potential impact of the Open Detonation option (see Figure 4).  
 

 
 
Figure 4. Process contribution, Open Detonation option. Actual open detonation (coloured red 
in the diagram) made the largest overall contribution to the environmental impacts.  
 
Table 1 shows the importance of avoided production of virgin metals, e.g. those in the shell of 
the grenade, in the Static Kiln and Combination Treatment options. The recycling of these 
metals makes it possible to avoid emissions for virgin metals production (see Figure 3). The 
production of virgin metals uses a great deal of fossil fuel, which also has a very large impact. 
However, the energy used (light fuel oil) for burning the metals prior to the recycling process 
makes a significant contribution to the potential global warming impact in the Open 
Detonation with Metal Recycling and the Combination Treatment options. The results for the 
Combination Treatment option also indicate that recycling of explosives (in this case hexal) 
can be environmentally relevant.  
 
Table 1. Processes contributing most to the potential impacts and weighted results of the 
different ammunition destruction options tested (Paper I) 
Destruction method Process contributing most to 

avoided potential impacts 
Process/es contributing most to 
negative potential impacts  

Open Detonation None Detonation  
Open Detonation with 
Metal Recycling 

Recycling copper Detonation  
Heat, produced by oil 

Static Kiln Recycling copper Transport between destruction 
plant and metal recycling plant 
Production of electricity 

Static Kiln with Max Recycling copper Emissions from burning process 
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Emissions in kiln 
Transport between destruction 
plant and metal recycling plant 

Combination 
Treatment  

Recycling copper Heat, produced by oil 
Destruction part 

 
 
The results of the case study do not unambiguously point to any of the destruction methods as 
being the most environmentally friendly for this specific grenade. Weighting, with three 
different weighting methods, was applied to investigate whether any of the methods was 
preferable in an overall perspective. It can be noted that the weighted total results for the 
options that included metal recycling, i.e. all except the Open Detonation option, were of the 
same order of magnitude. However, Open Detonation with Metal Recycling was consistently 
somewhat worse than the other options that included metal recycling (Figure 3). 
 
The risk associated with destruction of ammunition is commonly thought to be that of an 
explosion and thus harm to the personnel and the general public, i.e. the energetic materials 
are thought to constitute the risk to be considered. However, this study shows that from an 
environmental perspective, the metals and the possibility of recycling these are an important 
issue too.  
 
Every method of destruction of energetic material, explosive waste or ammunition results in 
environmental impacts in both the short and long term (Duijm, 2002; Duijm and Markert, 
2002; Bausinger and Preuβ, 2005; Bausinger et al., 2007). Emissions from the destruction, 
irrespective of method used, can enter into circulation and have an influence over a long time. 
This can be partly, but not completely, studied in life cycle assessment, among other things 
due to lack of data and methodological limitations (Finnveden, 2000). 
 
The environmental hazards related to open burning and open detonation are higher than those 
of the other technologies, which are based on containing the hazardous substances. Open 
burning and open detonation leave hazardous waste on-site, exerting a continuous impact on 
the environment and with considerable risks of affecting passers-by. For example, several 
open burning/open detonation sites, e.g. in Denmark and the Netherlands, are publicly 
accessible when not in use (Duijm, 2002), while the same goes for Sweden (P. Eriksson, pers. 
comm. 2007, 2008). Since there is no pollution control, the area will eventually be polluted by 
hazardous and/or toxic waste, not due to an accident but as a consequence of the intended 
work (Duijm, 2002).  
 
Open Detonation without metal recycling proved to be the environmentally worst option of 
those compared. The detonation in itself causes the largest environmental impact. Impacts 
caused by the transport, electricity consumption, digger, etc. are together small compared with 
the detonation. There is no metal recycling or air pollution control. Open Detonation with 
Metal Recycling is environmentally better due to the recycling, but it is still not as good as the 
other options involving metal recycling (see Figure 3). 
 
Static Kiln and Combination Treatment are just about equal in merit regarding the 
environmental impacts in the case of this specific grenade. The results for these methods 
indicate that the kind of ammunition and possibly location of the destruction plant might 
determine the choice of method, since the environmental impacts from the methods are rather 
similar. Both methods have the possibility of recycling metals and air pollution control.  
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When conducting an LCA the design/development phase is usually excluded, since it is often 
assumed not to contribute significantly (Rebitzer et al., 2004). The design should not be 
disregarded, however, since the function of the product, what it demands in terms of resources 
during its lifetime and how it has to be handled as waste are decided to a great extent by the 
design (Rebitzer et al., 2004; Hägvall and Tryman, 2010). 
 
The results of the assessment can be summarised as follows: 
 
• Open detonation has a severe negative environmental impact. 
• Recycling of metals makes it possible to mitigate the negative environmental impacts to a 

large extent. 
• Depending on the kind of ammunition, burning in static kiln or the combination treatment 

has a better environmental performance. 
 
Based on the life cycle assessment, the following improvement strategies were identified:  
 
• Avoid open detonation 
• Enhance the recycling and recovery of the materials and substances. 
• Enhance the pollution control. 
• Try to design/construct ammunition in such a way that it is easier to disassemble, thereby 

facilitating recycling, recovery, reuse and destruction with pollution control and 
minimising damaging emissions. 

 
The destruction method of choice depends partly on the design of the grenade, that is to say 
the possibility of disassembling the grenade before the actual destruction. The design of the 
grenade is critical regarding the issue of the environment and that of personal safety. It is also 
crucial for how well and safely the grenade can be disassembled and thus for how well the 
recycling and reuse of the different materials can be performed (Paper I).  
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5.2 Ethical aspects (Paper II) 
 
Ethical Analysis of three methods for destruction of ammunition 
 
In general, risk assessment methods do not cover ethical aspects (Hermansson and Hansson, 
2007). One of the reasons for this is the lack of operational tools for the ethical analysis of 
risks (ibid.). In order to rectify this, Hermansson and Hansson proposed a model to be used as 
a tool for ethical analysis. Identifying the ethical aspects of a risk problem should be an 
equally self-evident part of risk analysis to quantifying the risk in terms of probabilities and 
consequences (Hermansson and Hansson, 2007).  
 
The model proposed for performing such an ethical risk analysis focuses on the ethical 
relationships between three critical parties that are present in almost all risk-related decisions, 
as discussed in section 3.3: 
 
• The decision-maker   
• The risk-exposed  
• The beneficiary.  
 
These roles are frequently referred to in the literature on risk, according to Hermansson and 
Hansson (2007). 
 
The proposed model of Hermansson and Hansson (2007) is primarily concerned with the 
relationship between the three different roles. They propose the following seven questions 
concerning pair-wise relations between the roles in order to cover most of the salient ethical 
issues in common types of risk management problems. The questions are intended to 
complement the risk analysis and to provide a systematic characterisation of the ethical 
aspects of risk, including issues such as voluntariness, consent, intent and justice:   
 
1. To what extent do the risk-exposed benefit from the risk exposure? 
2. Is the distribution of risks and benefits fair? 
3. Can the distribution of risks and benefits be made less unfair by redistribution or by 

compensation? 
4. To what extent is the risk exposure decided by those who run the risk? 
5. Do the risk-exposed have access to all relevant information about the risk? 
6. Are there risk-exposed persons who cannot be informed or included in the decision 

process? 
7. Does the decision-maker benefit from other people’s risk exposure? 
 
In the present study, the various methods for destruction of ammunition (the same options as 
in the environmental case study, Paper I) were analysed using these seven questions. The 
questions are further discussed in Paper II. 
 
A number of different actors are involved in the decision-making and actual performance of 
the destruction of the ammunition. The following parties were identified as being involved: 
 
• The government and the parliament; Ministries, e.g. Ministry of Defence, Ministry of the 

Environment, Ministry of Labour. 

• Authorities, e.g. Swedish Civil Contingencies Agency, Swedish Work Environment 
Authority, County Administration Boards.  
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• The Swedish Armed Forces (FM), Swedish Defence Materiel Administration (FMV).  
• Trade and industry, haulage companies. 
• Personnel in the industry and in haulage companies. 
• General public, (third party) including future generations.  
 
More information about these actors is given in Paper II. 
 
The different stages of a general destruction of ammunition process have to be identified in 
order to identify possible risk situations and to make a survey of the decision process. The 
stages are here summarised as follows: 
 
1. The decision that the ammunition is to be destroyed. 
2. Choice of destruction method. 
3. Choice of destruction plant. 
4. Choice of means of transportation and route. 
5. Transporting the ammunition from storage to the destruction plant. 
6. Storing the ammunition at the destruction plant.  
7. Possible transportation within the destruction plant. 
8. Actual destruction. 
9. Restoration of the destruction area in the case of open detonation. 
10. Transportation to and recycling of metal at a recycling facility in the case of metal 

recycling. 
11. Recovery and transportation of energetic material in the case of material recovery. 
 
The Hermansson and Hansson (2007) method can be used to identify aspects that are of 
ethical significance. Such an analysis in the present case revealed an uneven distribution of 
the risks to the general public and to future generations, as well as to the many people now 
living in countries affected by climate change. The possibility of compensation or 
redistribution of risks can also be considered. Table 2 provides a simplified description of the 
benefits and risks to various actors. 
 
Table 2. Summary of main risks and benefits from destruction of ammunition (Paper II) 
Actors Risks Benefits 
Personnel (at companies, 
stores, FM and FMV) 

Accident Salaries 

Companies (destruction 
plant, transport, recycling 
plant) 

Economic Economic 

General public (present and 
locally) 

Accidents Getting rid of ammunition 

General public (future 
generations and globally) 

Environmental impacts None  

 
 
One general observation from the ethical analysis is that future generations and people in 
foreign countries will be affected by the destruction of ammunition. This risk exposure is 
distributed over time and space. These people are exposed to risks without the possibility to 
make any decisions and quite often receive no benefit or compensation. They are not involved 
in the decision-making and it is difficult to see how they can be compensated. When choosing 
the method for destruction of ammunition, this group should thus be given special attention. 
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The decision-makers have to take these groups into special consideration because there is no 
stakeholder who is pleading their cause.  
 
The ethical analysis also showed that a number of other groups exposed to risks or 
environmental impacts at least to some extent also have some benefits from the destruction of 
ammunition. However, it is not easy to evaluate the extent to which they benefit and whether 
the distribution of risks and benefits is fair. This also illustrates a limitation of the 
Hermansson and Hansson (2007) method, in which few clues are given on how to make the 
evaluations.  
 
The proposed tool is a first effort to develop an assessment method for ethical analysis of a 
risk or safety problem. It might be sufficient on a straightforward case, but it seems that the 
more complicated the case becomes, the more complex the tool has to be in order to work, 
since there will be more variables/aspects to be taken into consideration.  
 
The proposed questions are adequate, but too little guidance is given. The model tool is based 
on many concepts that are not defined and, what is more, are even controversial issues, for 
instance fairness and fair distribution. These concepts are not defined, which leaves the user 
to his or her fate. One possible refinement of the tool would be to present some alternative 
definitions which the user could try.  
 
Hermansson and Hansson (2007) give very little guidance on how to define system 
boundaries. In this case a life cycle perspective was chosen, but others might have chosen a 
narrower perspective and only studied the detonation and the burning process in the kiln. We 
believe that it is important to apply a life cycle perspective, since without such a perspective 
the benefit of recycling, for instance, would not have been revealed. In addition, a number of 
situations, actors, benefits and disadvantages would not have been identified.  
 
The model tool helps analyse the problem but cannot answer the fundamental question of 
what is right and wrong, what is the right thing to do. Thus, after identifying ethical aspects of 
significance, the decision-maker still has to handle the primary decision. 
 
A question not included by Hermansson and Hansson (2007), but which perhaps should be, is 
whether the decision-makers have access to all relevant information about the risk. In some 
instances, relevant information is available to those who are or will be exposed to the risk, but 
not necessarily to the decision-maker. This includes knowledge about local, site-specific 
conditions or traditional knowledge. In such cases, there is arguably a duty on each party to 
assure that the other parties have all the relevant information. We therefore propose that an 
eighth question be added to seven listed by Hermansson and Hansson (2007), namely ‘Does 
the decision-maker have access to all relevant information about the risk?’ 
 
To my knowledge there are still no other tools like that developed and proposed by 
Hermansson and Hansson, and I believe that their proposed tool is a step in the right direction. 
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5.3 Methods for risk analysis (Paper III)  
 
The different methods of ammunition destruction examined here are all associated with 
different kinds and levels of risks and hazards (Duijm, 2002). In this thesis the aim was to 
investigate different assessment and analysis methods for risks and identify the level at which 
they are suitable and might be recommended, and not simply to identify and calculate the 
risks.  
 
Risk analysis and risk assessments have always been performed in one way or another 
throughout the history of man. Shortly after the First World War, the first estimations of 
reliability and safety in a technical context were performed (Andrews and Moss, 2002; 
Rausand and Bouwer Utne, 2009), but it was not until the Second World War that the first 
formal analysis performed was reported (Høyland and Rausand, 1994; Aven, 1998; Andrews 
and Moss, 2002). The object of analysis was the German flying bomb known as the V-1, and 
the cause was the total failure of the first bombs, despite high quality parts and careful 
attention to detail (Høyland and Rausand, 1994; Rausand and Bouwer Utne, 2009).  
 
Risks have to be analysed in order to be avoided in a proper way. Using different kinds of risk 
analysis methods is one way of doing this. Within the area of risk and safety, a large number 
of tools have been developed in order to assess and estimate risks (e.g. Aven, 1998; Cowell et 
al., 2002; Duijm, 2002; Andrews and Moss, 2002; Linkov et al., 2006; Rausand and Bouwer 
Utne, 2009). 
 
Specific needs have governed the gradual development of the assessment methods from the 
level of substances and processes to the more general circumstances and organisation level. 
This systematisation started as the nuclear power industry and space industry developed 
(Andrews and Moss, 2002; Grimvall et al., 2003). During the 1960s and 1970s, guideline 
values and limit values began to be used (Høyland and Rausand, 1994; Aven, 1998). 
 
The performance of a risk assessment is an interdisciplinary project according to Aven 
(1998), Grimvall et al. (2003) and Rausand and Bouwer Utne (2009). It takes knowledge of 
the technical and operational parts of the system and of the technical and operational 
conditions that can lead to failure. It also demands knowledge of methods of analysis and the 
mathematical/statistical concept (Aven, 1998). 
 
The term risk can be defined as the answer to three questions (Kaplan and Garrick, 1981; 
Kirchsteiger, 1999; Rausand and Bouwer Utne, 2009): 
 
1. What can happen? (i.e. what can go wrong?) 
2. How likely is it that this will happen? 
3. If it does happen, what are the consequences? 
 
Some argue that this is too technological and insensitive a way of treating risks and believe 
that social and ethical values should also be taken into account (Nilsson, 2003). The methods 
described in Paper III do not incorporate social and ethical values. However, the framework 
tool is intended to include these aspects.  
 
There are numerous ways of characterising risk analysis methods (tools), for example with 
regard to purpose, result, system description, etc. (Johansson and Jönsson, 2007). One way of 
characterisation is regarding qualitative-quantitative methods. Qualitative methods are used 
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mainly to answer the first question above (what can happen?), i.e. hazards and the sources are 
identified (Kirchsteiger, 1999). Semi-quantitative and quantitative methods respond to the 
second and third questions (Kirchsteiger, 1999), i.e. both probabilities and consequences are 
taken into account (Aven, 2008). The result is a numerical estimation of the magnitude 
(severity) of the risk. This will be needed to a greater extent as more plans are put into 
concrete form. It is also advisable that this kind of analysis be performed during normal work.  
 
Another way of describing tools in general is to divide them into different levels (objects) of 
focus such as process, organisation and policy level (Finnveden and Moberg, 2005), where 
the process level consists of a plant or a detailed technical system, the organisation level 
includes an entire company and the policy level includes regulations and political guidelines. 
Within the development of the framework tool, a survey of methods of risk assessment was 
performed. The risk analysis methods were divided into the described levels in order to 
determine the applicability of these methods for the framework tool.  
 
The survey of risk analysis methods showed that there is a lack of established risk analysis 
methods on policy level (Paper III). This is an issue which ought to be considered when the 
legislation (local, national and international) is discussed. 
 
As one of the starting points of the survey, safety was defined as: ‘Freedom from 
unacceptable risks’ (ISO/IEC, 2002, p. 12). This is obviously a broad concept, so the focus 
here was restricted to the human perspective, which includes e.g. safety for company 
employees and third parties.  
 
The methods at policy level are to some extent reliant upon the methods at the lower levels, 
i.e. the levels of process to organisation (Paper III). However, these methods are also ruled to 
some extent by what the policy level, via legislation and directives, tells them to produce, 
although this kind of influence is not fully developed today (Paper III). Therefore, it is 
important to compare the methods and identify how together they could improve the 
development of the framework tool within the project.  
 
From the survey of existing safety risk analysis methods, it can be concluded that it is not 
possible to choose only one method to manage safety problems. Consequently, it is not 
possible to choose only one method to manage safety aspects, environmental aspects and 
ethics.  
 
There are some principles to bear in mind while evaluating a risk and when deciding whether 
and to what extent it should be dealt with (Räddningsverket, 2003):  
 
1 The principle of reasonability: The risks that can be treated within reasonable means must 

be treated. 
2 The principle of proportions: Risks and requirements should be in proportion to each 

other. 
3 The principle of distribution: The risks should be fairly distributed in proportion to the 

requirements.  
4 The principle of avoiding disasters: The risks should materialise in accidents with lesser 

consequences rather than in severe catastrophes.  
 
There are also certain quality demands on the risk analysis (Rausand and Bouwer Utne, 
2009): 
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1. The aim must be defined. 
2. The scope must be defined in order to be able to fulfil the aim. 
3. The effort must be in proportion to the importance of the decision which is to be made. 
4. The analysis must be objective, systematic, structured and, as far as possible, based on 

facts. 
5. All assumptions must be documented. 
6. The risks should always be described qualitatively and as far as possible, quantitatively. 
7. The uncertainty of the estimation of risk should be described, as well as the reasons for 

the uncertainty. 
8. The risk analysis should be transparent and everyone involved should be able to 

understand the analysis and the results. 
9. Public participation should be sought, at least, in evaluation of the risks. 
10. The risk analysis should be dynamic and as far as possible customised for the purpose and 

object. 
 
Some of these principles and demands seem to be obvious and should not have to be 
mentioned, but must be stated in order to get established and accepted analysis methods. 
 
Different methods are applicable on different occasions and depending on the question to be 
answered. Some methods are described in Paper III. Many of these methods are intended to 
be used at the level of plants, and for this reason are less suitable for policies and plans (Paper 
III). However, tools do exist at the supranational level, such as those developed by the 
International Program on Chemical Safety (IPCS), but these tend to be more toxicological 
evaluations than risk assessments (Cowell et al., 2002). 
 
A new International Standard, (ISO 31000:2009: Risk management – Principles and 
guidelines) was published after our work with the risk analysis methods had been completed. 
The standard provides principles and generic guidelines on risk management and aims to help 
organisations of all types and sizes manage risk effectively (International Standard 
Organization, 2010). ISO Guide 73:2009, Risk management vocabulary, complements ISO 
31000 by providing a collection of terms and definitions relating to the management of risk 
(International Organization for Standardization, 2010). It would be interesting to compare this 
standard against the survey of risk analysis methods performed here. 
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6 Discussion  
 
This thesis was produced within a project which aims to develop a framework tool where the 
issues (areas) of environment, safety, ethics and costs are all integrated and thus support 
decision-making concerning risk and environment.  
 
In order to develop the intended framework tool, a case was studied from different aspects. 
Different methods of destruction of a grenade were chosen as the object of study. Today there 
is a growing understanding of the need to minimise the environmental impacts from all 
sectors, and the military and defence can be no exception (Lasher and Mescavage, 2000; 
Duijm, 2002; Hägvall et al., 2004; Hochschorner et al., 2006). The Swedish Armed Forces 
have huge stocks of ammunition that was produced during a time when demilitarisation was 
not considered (K. Brobäck, pers. comm. 2006, 2009). Sooner or later this ammunition cannot 
be used or stored any longer and must therefore be destroyed. The problem of destruction has 
to be solved, preferably with as little impact on the environment as possible and in a safe way 
for the personnel (Lasher and Mescavage, 2000; Cervinkova et al., 2007).  
 
In the past, ammunition has typically been destroyed by open burning or open detonation in a 
field (P. Eriksson, pers. comm. 2007, 2008; K. Brobäck, pers. comm. 2006, 2009). Literally 
everything, every substance, has been emitted, as no pollution control has been performed 
whatsoever. Today, such a method is no longer acceptable as a standard destruction method in 
Sweden due to growing concerns about the environment, health, safety, the future and the 
generations to come. However, open detonation and open burning are still used when the 
safety aspects so demand, for instance when the ammunition is not safe to handle.  
 
The easiest way of avoiding waste, including hazardous waste, is waste prevention. However, 
the needs of humans and society inevitably produce waste, including hazardous waste. To 
minimise the negative impacts from waste management, the waste could be treated according 
to a waste hierarchy (Directive 2006/12/EC; Directive 2008/98/EC; Swedish Environmental 
Protection Agency, 2010). The hierarchy states that if waste cannot be prevented, then it 
should be recovered, reused or recycled. If none of these alternatives is possible, then other 
recovery, for instance energy recovery, may be performed and lastly safe disposal, possibly 
landfill (Swedish Environmental Protection Agency, 2010). 
 
The Swedish Environmental Protection Agency sees the hierarchy as a useful guide to 
choosing treatment methods, but they also note that it is not applicable to every situation or to 
all types of waste. For example, waste containing hazardous substances should not be 
recycled but should be removed from the ecological cycle (Swedish Environmental Protection 
Agency, 2010). This has a bearing on decommissioned explosives, and thus ammunition, 
since it might include parts containing hazardous substances, in addition to the risk of 
explosion. This also illustrates the complexity of the issue of destruction of ammunition. 
 
The different boxes shown in Figure 1 are not to be regarded as isolated boxes and the flows 
within the framework as isolated lines, but rather the reverse. There are obvious connections 
and overlaps, while at the same time the different assessments are complementary. As an 
example, there is an overlap between environment, risk assessment and ethics: the ethical 
analysis performed in this study is based on the environmental analysis and also demands an 
identification of risks. Furthermore, the ethical analysis could be regarded as a complement to 
the evaluation/valuation by focusing on aspects such as questions of distribution (for instance 
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of risks, benefits and fairness), which are often neglected by multi-criteria assessments and 
economic assessments, for instance. 
 
If understanding of the partial results from each area of interest and of how the different areas 
influence each other is enhanced, the probability of using the results during further planning 
and activity would also be enhanced. If the destruction part of the life cycle of the 
ammunition were to be given higher priority during procurement, the ammunition would 
probably be designed so as to enhance the possibilities of disassembling the ammunition in a 
safe way (Paper I), thus possibly mitigating the overall impacts. 
 
The evaluation stage of the framework tool is a crucial part of the tool and the project, but 
was not the focus of this thesis. The evaluation stage is where the basis for a decision is 
provided. One way of doing this is to perform some kind of weighting. However, weighting is 
influenced by the view of life, ethical values and ideological values (Finnveden, 1997, 2000). 
This might have an influence already in the choice of methods for the studies (Finnveden, 
2000). At the same time, it should be borne in mind that it is difficult, often impossible, to be 
perfectly objective. Therefore it is important that the methods of choice for every area within 
the framework are accepted and that the scientist can motivate not only the choice but also the 
transition from results to advice. 
 
In the preliminary model of the framework tool with its different areas of interest as shown in 
Figure 1, the box representing the area of environment is associated with several methods of 
analysis and assessment, for instance Strategic Environmental Assessment (SEA). Within 
SEA there are several different methods, among them Life Cycle Assessment (LCA), which 
we chose to use in our case study, but this method might be complemented by others since 
LCA covers only one step in the SEA process. The box illustrating ethics is associated with 
only one single method, which is the only one available, to our knowledge. We found it 
applicable but it needs further development. Concerning the area of personal safety, there are 
many methods available but there seems to be a lack of risk analysis methods on policy level.  
 
Most of the old ammunition in Sweden dating from during and before the Second World War 
has now been destroyed (A-L. Brandt, pers. comm. 2010). Modern ammunition contains more 
complex mixtures of substances such as plastic bonded explosives and electronic components 
(K. Brobäck, pers. comm. 2010; A-L. Brandt, pers. comm. 2010). This places new demands 
on the destruction methods and on preparation of the components in order to allow them to be 
recycled (K. Brobäck, pers. comm. 2010; A-L. Brandt, pers. comm. 2010). The present 
studies are partly applicable to modern ammunition, but in order to formulate any conclusions 
and recommendations concerning these, new studies adding the new substances and processes 
within the destruction methods developed should be performed. 
 
Since these studies were performed, Swedish acts and ordinances on flammables and 
explosives have been rewritten. SFS 1988:868 has been replaced by SFS 2010:1011 and SFS 
1988:1045 by SFS 2010:1075 since 1 September 2010 (Swedish Parliament, 2010). To my 
knowledge, this does not change the conditions or conclusions of the case studies reported 
within this thesis. 
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7 Conclusions 
 
The two case studies (Paper I and II) revealed that destruction of ammunition can be viewed 
in different ways, and when the focus is altered different results are obtained, leading to 
different conclusions.  
 
Life cycle assessment (Paper I) identified two factors of importance for reducing the 
environmental impacts and possibly also safety problems: Recycling metals and air pollution 
control. One general observation from the ethical analysis (Paper II) is that future generations 
and people in foreign countries will be affected by the destruction of ammunition. When 
choosing the method for destruction of ammunition, this group (the general public) should 
thus be given special attention. The survey of risk assessment methods (Paper III) indicated 
that there is a lack of established risk assessment methods on policy level.  
 
It is a great need for interdisciplinary thinking and knowledge to combine the different 
methods required in safety risk analysis with methods for environmental assessment and 
methods for calculating different kinds of costs, while at the same time including ethical 
considerations and thinking in all these areas in both the short and long term. A combined tool 
or method would improve the conditions for decision-making and would therefore assist 
decision-makers dealing with complex issues.  
 
 



 36 

References 
Ahlroth, S., Ekvall, T., Wadeskog, A., Finnveden, G., Hochschorner, E., Palm, V. (2003) 
Ekonomi, energi och miljö – metoder att analysera samband. FOI MEMO D. Nr 02-3147:3 
December 2003, Fms-rapport 185 ISSN 1404-6520.  
 
Alverbro, K., Björklund, A., Finnveden, G., Hochschorner, E., Hägvall, J. (2009) A life cycle 
assessment of destruction of ammunition. Journal of Hazardous Materials 170, 1101-1109. 
 
Alverbro, K., Nevhage, B., Erdeniz, R. (2010) Methods for Risk Analysis. TRITA-INFRA-
FMS 2010:1. 
 
Andrews, J.D., Moss, T.R. (2002) Reliability and Risk Assessment. ASME Press ISBN 0-
7918-0183-7. 
 
Aven, T. (2008) A semi-quantitative approach to risk analysis, as an alternative to QRAs. 
Reliability Engineering and System Safety 93, 768-775. 
 
Aven, T. (1998) Pålitlighets- og Risikoanalyse, Universitetsforlaget AS, 1998, ISBN 82-00-
42527-4. 
 
Baumann, H., Tillman, A-M. (2004) The  Hitch Hiker`s Guide to LCA. Studentlitteratur AB, 
ISBN 91-44-02364-2. 
 
Bausinger, T., Preuβ, J. (2005) Environmental remnants of the First World War: Soil 
contamination of a burning ground for arsenical ammunition. Bulletin of Environmental 
Contamination and Toxicology 74, 1045-1052.  
 
Bausinger, T., Bonnaire, E., Preuβ, J. (2007) Exposure assessment of a burning ground for 
chemical ammunition of the Great War Battlefields of Verdun. Science of the Total 
Environment 382, 259-271. 
 
Benetto, E., Tiruta-Barna, L., Perrodin, Y. (2007) Combining lifecycle and risk assessments 
of mineral waste reuse scenarios for decision making support. Environmental Impact 
Assessment Review 27, 266-285. 
 
Bouwer Utne, I. (2009) Life cycle cost (LCC) as a tool for improving sustainability in the 
Norwegian fishing fleet. Journal of Cleaner Production 17, 335-344. 
 
Cervinkova, M., Vondruska, M., Bednarik, V., Pazdera, A. (2007) Stabilization/solidification 
of munition destruction waste by asphalt emulsion. Journal of Hazardous Materials 142, 222-
226. 
 
Clift, R., Doig, A., Finnveden, G. (2000) The Application of Life Cycle Assessment to 
Integrated Solid Waste Management, Part I – Methodology. Trans IchemE, 78, part B, 279-
287. 
 
Cowell, S.J., Fairman, R., Lofstedt, R.E. (2002) Use of Risk Assessment and Life Cycle 
Assessment in decision making: A common policy research agenda. Risk Analysis 22 (5), 
879-894.  
 



 37 

Crawley, F.K., Ashton, D. (2002) Safety, health or the environment - which comes first? 
Journal of Hazardous Materials 93, 17-31. 
 
Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 
on waste and repealing certain Directives. 
 
Directive 2006/12/EC of the European Parliament and of the Council of 5 April 2006 
on waste. 
 
Directive 2000/76/EC of the European Parliament and of the Council of 4 December 2000 
on the incineration of waste. 
 
Duijm, N.J. (2002) Hazard analysis of technologies for disposing explosive waste. Journal of 
Hazardous Materials A90, 123-135. 
 
Duijm, N.J., Markert, F. (2002) Assessment of technologies for disposing explosive waste. 
Journal of Hazardous Materials A90, 137-153. 
 
Eklund, P., Rusinowska, A., De Swart, H. (2007) Consensus reaching in committees. 
European Journal of Operational Research 178, 185-193. 
 
Finnveden, G. (1997) Valuation methods within LCA – Where are the values? The 
International Journal of Life Cycle Assessment 2 (3), 163-169. 
 
Finnveden, G. (1999) Methodological aspects of life cycle assessment of integrated solid 
waste management systems. Resources, Conservation and Recycling 26, 173-187. 
 
Finnveden, G. (2000) On the limitations of life cycle assessment and environmental systems 
analysis tools in general. International Journal of Life Cycle Assessment 5(3), 229-38 
 
Finnveden, G., Nilsson, M., Johansson, J., Persson, Å., Moberg, Å., Carlsson, T. (2003) 
Strategic environmental assessment methodologies – applications within the energy sector, 
Environmental Impact Assessment Review 23, 91-123. 
 
Finnveden, G., Moberg, Å. (2005) Environmental system analysis tools – an overview. 
Journal of Cleaner Production 13, 1165-1173. 
 
Finnveden, G., Hauschild, M.Z., Ekvall, T., Guinée, J., Heijungs, R., Hellweg, S., Koehler, 
A., Pennington, D., Suh S. (2009) Recent developments in Life Cycle Assessment. Journal of 
Environmental Management 91 (1), 1-21.  
 
Goedkoop, M., Spriensma, R. (2000) The Eco-indicator 99. A Damage Oriented Method for 
Life Cycle Impact Assessment. Methodology Report, third edition. Report No. 1999/36A.  
 
Grimvall, G., Jacobsson, P., Thedéen, T. (2003) Risker i tekniska system (in Swedish), 
Studentlitteratur AB, ISBN 978-91-44-02664-0. 
 
Guinée, J.B. (Ed.), M. Gorrée, R. Heijungs, G. Huppes, R. Kleijn, A. de Koning, L. van Oers, 
A. Wegener Sleeswijk, S. Suh, H.A. Udo de Haes, J.A. de Bruijn, R. van Duin and M.A.J. 
Huijbregts (2002). Handbook on Life Cycle Assessment: Operational Guide to the ISO 



 38 

Standards. Series: Eco-efficiency in industry and science. Kluwer Academic Publishers. 
Dordrecht Hardbound, ISBN 1-4020-0228-9; ISBN 1-4020-0557-1. 
 
Hansson, S.O. (2004) Weighing risks and benefits. Topoi 23, 145-152. 
 
Hansson, S.O. (2007) Philosophical problems in cost-benefit analysis. Economics and 
Philosophy 23 (2), 163-183.  
 
Hermansson, H., Hansson, S.O. (2007) A three-party model tool for ethical risk analysis. Risk 
Management 9, 129-144.  
 
Hobbs, B.J. (1985) Choosing how to choose: Comparing amalgamation methods for 
environmental impact assessment. Environmental Impact Assess Rev, 301-319. 
 
Hochschorner, E., Hägvall, J., Finnveden, G., Overcash, M., Griffing, E. (2006) 
Environmental life cycle assessment of a pre-fragmented high explosive grenade. Journal of 
Chemical Technology and Biotechnology 81, 461-475. 
 
Hunkeler, D., Lichtenvort, K., Rebitzer, G. (Eds.) (2008) Environmental Life Cycle Costing. 
SETAC, Pensacola, Florida. 
 
Hägvall, J., Hochschorner, E., Finnveden, G., Overcash, M., Griffing, E. (2004) Life Cycle 
Assessment of a PFHE Shell Grenade. Scientific report FOI-R—1373—SE, November 2004. 
ISSN 1650-1942, Swedish Defence Research Agency. 
 
Hägvall, J., Tryman, R. (2010) Life Cycle Assessment of Galix 13 F1A and Green Galix, 
Technical report FOI-R-2965-SE, February 2010. ISSN 1650-1942, Swedish Defence 
Research Agency. 
 
Høyland, A., Rausand, M. (1994) System Reliability Theory - Models and Statistical 
Methods. John Wiley and Sons inc. ISBN 0-471-59397-4. 
 
International Organization for Standardization (2010). Website 
http://www.iso.org/iso/home.html, visited 2010-09-24. 
 
ISO 14040:2006 International Standard. Environmental management – Life cycle assessment 
– Principles and framework. International Organisation for Standardization, Geneva, 
Switzerland.  
 
ISO 14044:2006 Environmental management – Life cycle assessment – Requirements and 
guidelines, International Organisation for Standardization, Geneva, Switzerland.  
 
ISO/IEC (2002). Guide 73: Risk management - Vocabulary – Guidelines for use in standards. 
International Standard Organization/International Electrotechnical Commission, Geneva, 
Switzerland. 
 
Johansson, H., Jönsson, H. (2007). Metoder för risk- och sårbarhetsanalys ur ett 
systemperspektiv. LUCRAM, Lunds universitet, Lund Rapport 1010, ISSN: 1404-2983. 
 
Kaplan, S., Garrick, B.J. (1981) On the quantitative definition of risk. Risk Analysis 1, 11-27. 



 39 

 
Kirchsteiger, C. (1999) On the use of probabilistic and deterministic methods in risk analysis. 
Journal of Loss Prevention in the Process Industries 12, 399-419. 
 
Kumar Jeswani, H., Azapagic, A., Schepelmann, P., Ritthoff, M. (2010) Options for 
broadening and deepening the LCA approaches. Journal of Cleaner Production 18, 120-127. 
 
Lasher, M., Mescavage, G. (2000) Safe disposal of pyrotechnic ordnance using a plasma 
treatment system. Waste Management 20, 425-433. 
 
Linkov, I., Satterstrom, F. K., Kiker, G., Batchelor, C., Bridges, T., Ferguson, E (2006) From 
comparative risk assessment to multi-criteria decision analysis and adaptive management: 
Recent developments and applications. Environment International 32, 1072-1093. 
 
Liou, M.-J., Lu, M.-C. (2008) Catalytic degradation of explosives with goethite and hydrogen 
peroxide. Journal of Hazardous Materials 151, 540-546.  
 
Liu, K.F.R., Lai, J-H. (2009) Decision-support for environmental impact assessment: A 
hybrid approach using fuzzy logic and fuzzy analytical network process. Expert Systems with 
applications 36, 5119-5136. 
 
Muntionmerkblatt 1310-2011-8, (1977) NAMMO Vingåkersverken AB. 
 
Ness, B., Urbel-Piirsalu, E., Anderberg, S., Olsson, L. (2007) Categorising tools for 
sustainability assessment. Ecological Economics 60, 498-508. 
 
Nilsson, J. (2003) Introduktion till riskanalysmetoder. Brandteknik, Lunds Universitet Lunds 
tekniska högskola, report 3124, Lund, 2003. 
 
Nilsson, M., Björklund, A., Finnveden, G., Johansson, J. (2005) Testing a SEA methodology 
for the energy sector: A waste incineration tax proposal. Environmental Impact Assessment 
Review 25, 91-32. 
 
Operationsstruktur, Order nr 56113, date 971218, NAMMO Vingåkersverken AB. 
 
Pasman, H.J., Jung, S., Prem, K., Rogers, W.J., Yang, X. (2009) Is risk analysis a useful tool 
for improving process safety? Journal of Loss Prevention in the Process Industries 22, 769-
777. 
 
Pennington, D.W., Potting, J., Finnveden, G., Lindeijer, E., Jolliet, O., Rydberg, T., Rebitzer, 
G. (2004) Life cycle assessment Part 2: Current impact assessment practice. Environment 
International 30, 721-739. 
 
Perman, R., Ma, Y., McGilvray, J., Common, M. (2003) Natural Resource and Environmental 
Economics, 3rd ed, Pearson Education Limited ISBN 0273655590. 
 
Räddningsverket. (2003) Handbok för riskanalys. Statens Räddningsverk,  Karlstad. 
 
Rausand, M., Bouwer Utne, I., (2009) Risikoanalyse – teori og metoder. Tapir akademisk 
forlag, ISBN 978-82-519-2446-7 



 40 

 
Rebitzer, G., Ekvall, T., Frischknecht, R., Hunkeler, D., Norris, G., Rydberg, T., Schmidt, 
W.-P., Suh, S., Weidema, B.P., Pennington, D.W. (2004) Life cycle assessment Part I: 
Framework, goal and scope definition, inventory analysis and applications. Environment 
International 30, 701-720. 
 
Rowe, W.D. (1988) An Anatomy of Risk. Robert E. Krieger Publishing Company, ISBN 0-
89874-784-8. 
 
SFS, Lag (1988:868) om brandfarliga och explosiva varor; Flammables and Explosives Act 
 
SFS, Förordning (1988:1145) om brandfarliga och explosiva varor; Flammables and 
Explosives Ordinance 
 
SFS, Lag (2006:263) om transport av farligt gods; Transport of Dangerous Goods Act  
 
SFS, Förordning (2006:311) om transport av farligt gods; Transport of Dangerous Goods 
Ordinance 
 
SFS, Lag (2003:778) om skydd mot olyckor; Civil Protection Act 
 
Sherif, Y.S., Kolarik, W.J. (1981) Life cycle costing: Concept and practice, OMEGA. 
International Journal of Management Science 9 (3), 287-296. 
 
Soares, S.R., Toffoletto, L., Deschênes, L. (2006) Development of weighting factors in the 
context of LCIA. Journal of Cleaner Production 14, 649-660. 
 
Steen, B. (1999) A systematic approach to environmental priority strategies in product 
development (EPS). Version 2000 – Models and data of the default method. CPM Report 
1999:5 (1999). 
 
Swedish Environmental Protection Agency, Naturvårdsverket, homepage 
www.naturvardsverket, visited 2010-08-20. 
 
Swedish Parliament, Sveriges Riksdag, homepage http://riksdagen.se/, visited 2010-09-24 
 
Wackernagel, M., Rees, W.E. (1997) Perceptual and structural barriers to investing in natural 
capital: Economics from an ecological footprint perspective. Ecological Economics 20 (1), 3-
24. 
 
Wackernagel, M., Onisto, L., Bello, P., Callejas Linares, A., López Falfán, I.S., Méndez 
García, J., Suárez Guerrero, A.I., Suárez Guerrero, Ma.G. (1999) National natural capital 
accounting with the ecological footprint concept. Ecological Economics 29 (3) 375-390.  
 
Wackernagel, M. (2009) Methodological advancements in footprint analysis. Ecological 
Economics 68 (7) 1925-1927. 
 
Wang, J.-J., Jing, Y.-Y., Zhang, C.-F., Zhao, J.-H. (2009) Review on multi-criteria decision 
analysis aid in sustainable energy decision-making. Renewable and Sustainable Energy 
Reviews 13, 2263-2278. 



 41 

 
Woodward, D.G. (1997) Life cycle costing--theory, information acquisition and 
application.  International Journal of  Project Management 15 (6), 335-344. 
 
Zhao, S., Li, Z., Li, W. (2005) A modified method of ecological footprint calculation and its 
application. Ecological Modelling 185 (1), 65-75. 

 
Zhou, P., Ang, B.W., Poh, K.L. (2006) Decision analysis in energy and environmental 
modelling: An update. Energy 31, 2268-2286.  
 
Zhou, Y. (2008) Update of Ecotax06 and an Explorative Study in Denmark. Master’s thesis 
11th Feb 2008 Sustainable Technology 2006, FMS, KTH. 
 
Personal communications 
Brandt, A.-L., Swedish Defence Materiel Administration, 2010 
 
Brandt, A.-L., Swedish Defence Materiel Administration, 2007 
 
Brobäck, K., Swedish Civil Contingencies Agency, 2010 
 
Brobäck, K., Swedish Civil Contingencies Agency, 2009 
 
Brobäck, K. Swedish Rescue Services Agency, 2006 
 
Eriksson, P., NAMMO Vingåkersverken AB, 2007 
 
Eriksson, P., NAMMO Vingåkersverken AB, 2008 
 
Ohlson, J., Dynasafe AB, 2007 
 
Weigel, H., Dynasafe AB, 2008 


